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This special issue of Journal of Physics: Condensed Matter commemorates the life in physics of Balazs Gyorffy, who died on 25 October 2012. He made important contributions to many areas of solid state physics: the electron-phonon interaction and superconductivity, multiple scattering theory and electronic structure (including relativistic effects), disordered systems (especially alloys and magnetic systems at non-zero temperature) and their phase stability, strongly correlated electron systems, spin transport and Berry curvature, and so on. Some modern developments among these themes are described in the articles comprising this special issue; Balazs' influence is clear in all of them.
Balazs Gyorffy was born in Eger, Hungary in 1938. In 1956 he moved to the USA to study at Yale, completing his PhD on laser physics under the supervision of Willis E Lamb Jr. In 1966, Balazs came to England and, after appointments at University College London, Queen Mary College and Sheffield University, he became a lecturer in the Physics Department at Bristol University, where he remained for the rest of his life. He was a powerful and charismatic figure in the H H Wills Physics Laboratory, achieving his professorship in 1987.
His research came to prominence in the 1970s, perhaps beginning with his work on calculating the strength of the electron-phonon interaction which had considerable impact on superconductivity theory. During this period he also developed his powerful 'scattering path operator' formalism in multiple scattering theory, applying it to problems in strong-scattering systems-transition metals and the like-and (somewhat later) gave a relativistic generalisation of the method based on the full Dirac equation. By the end of the 1970s he had developed a multiple-scattering implementation of the coherent potential approximation for random substitutional alloys (the KKRCPA), allowing first-principles numerical calculations to be made on real transition metal alloys. He also contributed strongly to the development of self-consistent field KKRCPA calculations within a density functional framework. In the 1980s this stimulated a great deal of work comparing the calculated electronic structure of alloys with detailed experiments-electron spectroscopies of various kinds, Fermi surface probes such as positron annihilation and so on. This led Balazs to develop a first principles account of the statistical mechanics of phase stability in alloys, of concentration fluctuations and correlations, thus making contact with the traditional phenomenology of alloy metallurgy. During this period he also applied many of the ideas and techniques of first-principles alloy theory to the study of itinerant magnetism in transition metal systems, especially within the framework of his so-called disordered local moment model. Of course, the big physics event in the 1980s was the discovery of high temperature superconductivity in the cuprate compounds; Balazs did important work in this field from its outset. In the late 1970s he had looked at the possibility of triplet pairing in nearly ferromagnetic metals. For high T c systems, he suggested solving the Kohn-Sham-Bogoliubov-de Gennes equations for the quasiparticle band structure, using a parameterised pairing interaction, and, by comparing such semi-phenomenological calculations with experiment, to look at the symmetry of the pairing. A related idea was to investigate the phenomenon of circular dichroism in spin triplet superconductors. During the 1990s and 2000s, in addition to this superconductivity work, Balazs became increasingly interested in the problem of strongly correlated systems; usually d-or f-band systems whose important electron states lie on the boundary between localised and itinerant character. He developed a version of the self-interaction correction, the local SIC, applicable within a scattering formalism, and applied it to describe the phase stability of Ce. He was also interested in dynamical mean-field theory, its relationship to the CPA and related non-local generalisations. After his nominal retirement in 2003, he was very active in developing what might be called the modern theory of spin transport (especially in nanostructures), stressing and clarifying the role of concepts such as the Berry curvature. He was also interested in quantum coherence in superconducting nano-structures and the possibility of exploiting this in real physical devices which could be used for quantum computing. Among several awards, Balazs was elected an External Member of the Hungarian Academy of Sciences in 1995 and received the Hume-Rothery Award of the US Minerals, Metals and Materials Society in 2001. However, such a factual recitation of the elements of his career in physics, impressive as it is, cannot fully capture his impact; this had to do not only with what physics he did but also how he did it.
Balazs' approach to physics showed a number of characteristics, of which his collaborators rapidly became aware of when they began to work with him. First, he knew a great deal of physics, saw the deep connections between its different elements and explained them vividly to colleagues. He saw research not just in terms of individual problem-solving, but in a more general framework, and he was brilliant at utilising tools developed for one field in another. This breadth of view was probably associated with his celebrated adherence to 'first-principles'; he was always keen to avoid parameterised models whenever possible, making theories containing only the electron charge and perhaps crystal structures (or their analogues) as inputs, and introducing the inevitable approximations in a mathematically transparent and physically significant way. Among other things, this meant that he could address materials-specific phenomena -why one material behaves in a certain way and another not. A related factor was Balazs' interest in and support for numerical computation as a vital part of the toolkit of theoretical physics. Today this is taken for granted, but early in Balazs' career some considered computational work to not be respectable. He had no time for this attitude, even though he was himself no expert in computation; he actively collaborated with colleagues who were (and in doing so he supported their careers in physics as well as significantly advancing the field). Indeed, he initiated, and for 18 years chaired, CCP9, the Collaborative Computational Project on the electronic structure of solids, a cooperation of the electronic structure research community in the UK. Thoroughly internationalist in his outlook, he was also very active in the Psi-k Network, an initiative somewhat analogous to CCP9 on the European scale. He also saw it as essential to bring his theories and calculations into direct confrontation with the most powerful experimental work available, and he was tremendously active in encouraging many experimentalists in such work. Balazs was an apparently inexhaustible source of ideas and he shared them with extraordinary generosity. One could hardly have a more inspiring and motivating collaborator.
In this issue a number of themes emerge clearly. The theory of electrons in disordered systems continues to develop from the original single-site KKRCPA to more sophisticated non-local schemes, bringing applicability to a wider set of phenomena including Anderson localization. Methods of describing electron correlation from first-principles are also very prominent, some using the self-interaction correction, others applying alloyanalogy approaches to Hubbard models. Very much in the Gyorffy spirit, several papers here use disordered system techniques to attack correlation problems. A number of them address the magnetic properties of real materials, including inhomogeneous structures (such as surfaces), spin transport, and the fundamental and long-standing problem of the nature of itinerant magnetism in Ni around the Curie point. Regarding superconductivity, Balazs' approach to Bogoliubov-de Gennes calculations is developed in combination with Berry curvature ideas to describe optical response properties. Finally, insights continue to be generated into multiple scattering theory itself, the powerful method to which Balazs made such important contributions, and which underlies so much of his work.
As Michael Berry has said, Balazs was a 'deeply intellectual' person, and, one might add, a committed one. This ran through not only his life in physics but also his wide interests in philosophy, literature, politics and indeed his personal relationships with family and friends. In a way, for Balazs physics and life were thoroughly interfused and he made both such fun. It was a privilege to have known him and this is why we celebrate him here.
